Results of supravital and post-mortem observation of embolic-thrombotic complications in dogs, in the course of endotoxaemia induced by pyometra and phlegmonous pneumonia due to infection with Pseudomons aeruginosa, or endomyocarditis caused by Staphylococcus aureus infection were described. Multiorgan embolic-thrombotic complications were diagnosed in all presented cases. Most probably, the complications developed due to thrombocytopoenia secondary to platelet activation and exacerbation of endotoxin-induced DIC syndrome. In all the dogs, a disturbed cardiac rhythm was diagnosed supravitally. The rhythm disturbances might reflect myocardial injury due to presence of bacterial endotoxins in blood. The myocardial injury was confirmed by histopathological examination.
Lipopolisaccharides (LPS) of Gram-negative bacteria cell membrane represent the most severe endotoxins, carrying the potential of inducing multiorgan damage and septic shock in humans and animals (0). Endotoxins penetrate the circulation in the course of bacteriaemia or due to injury of bacterial cell membrane. The most common diseases accompanied by endotoxaemia in domestic animals include myometra, severe bacterial infections induced by Pseudomonas sp., Staphylococcus sp., or Escherichia coli, and gastric volvulus (2) (3) (4) . Animals with severe infections, induced by Gram-negative bacteria, tend to develop disturbances in clotting cascade but mechanism of the phenomenon has not been sufficiently clarified (8) . Dogs with endotoxaemia were noted to develop thrombocytopoenia, disseminated intravascular coagulopathy (DIC), extended partial thromboplastin time and prothrobin time, and formation of intravascular thrombi (8, 9) . Organs particularly sensitive to the consequences of embolic-thrombotic disturbances include the brain, heart, and kidneys while damage to the organs resulting from endotoxaemia frequently lead to death of the animal (2, 3) . The organ damage may develop already at early stages of endotoxaemia and it is not always immediately manifested clinically (6) .
Our observations aimed at supravital and postmortem evaluation of embolic-thrombotic pathology in dogs, in the course of endotoxaemia.
Material and Methods
The studies were performed in six dogs (five bitches, one male), 4 to 9 years of age, of various breeds (one Siberian husky, two German sheep-dogs, two mongrel dogs, one rottweiler), of 6 to 45 kg body weight (Table 1) .
In bitches, the cause of endotoxaemia was pyometra, in one dog -pneumonia induced by Pseudomons aeruginosa, in one bitch -endomyocarditis caused by Staphylococcus aureus. The bacterial species were identified using microbiological examination, including macroscopic examination (outlook of bacterial colonies on blood agar and MacConkey's agar), microscopic examination (staining acccording to Gram), and biochemical tests (API ID 32 Staf test and 20 NE test).
In all animals, supravital tests included blood morphology and biochemistry (Table 2) , abdominal ultrasonography, ECG, and, in selected cases, chest Xray examination and ultrasonography of the heart.
Morphological blood tests were performed using Animal Blood Center abc VET analyser. Biochemical tests included the evaluation of the activities of alanine aminotransferase (ALT), asparate aminotransferase (AST), and alkaline phosphatase, and contents of urea, creatinine, bilirubin, total protein, albumins, Na + and K + ions, and total Ca. The tests were performed using MaxMat Pl analyser. Two bitches with diagnosed pyometra died before surgery and two other bitches with such a diagnosis died within 6 h after surgery. One dog and one bitch with a severe bacterial infection died suddenly in the course of treatment. In both cases of the severe bacterial infection a post-mortem bacteriological examination was performed.
All the animals were subjected to autopsy, and histopathology of inner organs was performed. The tissue sections sampled during autopsy were fixed in 10% buffered formalin, dehydrated, and embedded in paraffin blocks. The paraffin sections were stained with haematoxylin and eosin. The microscope patterns were analysed in a stand consisting of a computer coupled to Olympus model BX53 optical microscope, equipped with ColorView III u digital camera.
Results
Morphological and biochemical examinations of blood detected significant alterations. In all dogs a pronounced leukocytosis was detected. In bitches with pyometra, it was accompanied by granulocytosis, in dogs with pneumonia or myocarditis, it was associated with lymphopoenia. In all dogs, activities of alanine and aspartate aminotransferases were elevated; in two bitches with pyometra in addition elevated levels of urea and creatinine were detected. Additionally, an increased activity of alkaline phosphatase and a slightly lowered potassium concentration were noted without effects on arythmogenic readiness of the myocardium (Table 2) .
In bitches with pyometra, ECG examination detected numerous rhythm disturbances in the form of individual premature ventricular beats, unfixed or fixed ventricular tachycardia, and attacks of atrioventricular third degree block. In the dog with severe pneumonia attacks of unfixed ventricular tachycardia were recorded. A bitch with myocarditis manifested numerous multifocal premature ventricular beats.
In four cases, ultrasonographic examination of abdominal cavity demonstrated enlarged, fluid-filled horns of the uterus, which provided ground for diagnosis of pyometra. In the dog with pneumonia and the bitch with myocarditis, no alterations could be disclosed in ultrasonographic examination of abdominal cavity. In bitches with pyometra, surgery was the treatment of choice. Unfortunately, two bitches died before the procedure and two other died within 2 h after ovariohysterectomy. During autopsy of bitches with suspicion of pyometra, the presence of enlarged uterine horns, filled with pussy exudate was confirmed.
Microscopic examination of uterine wall samples demonstrated hyperplasia and degenerative lesions in the endometrium, followed by suppurative endometritis. Moreover, in bitches with pyometra, which died before surgery, necrotic lesions were demonstrated in the entire thickness of left and right ventricle wall (a transmural myocardial infarction) (Fig. 1) .
Histopathological examination of the altered myocardial samples demonstrated destruction of necrotic cardiomyocytes (myocytolysis) and rich infiltrates of neutrophilic granulocytes and individual macrophages (Fig. 2) .
In a proportion of studied preparations, at the periphery of infarct lesions, the necrotically altered cardiomyocyte fibres were found to be substituted by young developing granulation tissue, and macrophages loaded with remnants of dead cardiomyocytes were seen. In the two subsequent bitches, which died following ovariohysterectomy, numerous petechiae were noted in the endocardium, epicardium, lungs, and kidneys as well as numerous fine thrombi in the lungs. The thrombi partially obliterated lumen in fine blood vessels and contained neutrophilic granulocytes (Fig. 3) .
In the dog with pneumonia, chest X-ray examination demonstrated a large atelectatic region of the lungs in the left part of the chest. The finding was confirmed upon autopsy. Within the left adcaudal lobe only small foci of pulmonary tissue showed normal histological structure and air content (Fig. 4) .
The remaining, marked portion of adcaudal lobe manifested solid consistency and was airless. In the region, microscope examination demonstrated reciprocally approaching layers and atrophy of respiratory epithelium with clustering of alveoli, focal proliferation of connective tissue, and rich inflammatory infiltrates, consisting mainly of neutrophilic granulocytes (Fig. 5) . With progressing time, the process could lead to pulmonary carnification. The dog was treated with a wide spectrum of antibiotics from the III rd generation cephalosporins (cefuroxim) and a non-steroid antiinflammatory drug (tolphenamic acid). In the bitch with myocarditis, echocardiographic examination disclosed a hyperechogenic outgrowth in the left ventricle, with a diameter increasing in a consecutive examination. A decision was made to apply anti-thrombotic therapy using small-molecular heparin (enoxaparin sodium). It was supplemented with a non-steroid anti-inflammatory drug (meloxicam) and a wide spectrum antibiotic (amoxycillin with clavulanic acid). Despite the applied anti-thrombotic therapy, the presence of a massive mural thrombus in the left ventricle was disclosed during autopsy. The thrombus was organised in the damaged endocardium (Fig. 6) .
At the site of thrombus fixation, histopathology demonstrated diffuse myocarditis with damaged endocardium while basis of the thrombus was fibrotically organised (Fig. 7) .
In the myocardium, large aggregates of neutrophilic granulocytes and single macrophages, damaging cardiomyocytes, were observed (Fig. 8) .
The autopsied dog demonstrated also fine petechiae under aortal valve (Fig. 9 ) and a thrombus in the aorta (Fig. 10) , which fully obliterated its lumen. This was a probable cause of a sudden death of the dog.
Similarly to the case of thrombus in the left cardiac ventricle, the thrombus in the aorta displayed numerous foci of neutrophilic granulocytes (Fig. 11 ).
In both above described cases, Pseudomonas aeruginosa was isolated from the lungs and Staphylococcus aureus from the myocardium.
Discussion
In dogs with endotoxaemia, respective reports documented alterations in the clotting cascade and fibrinolysis, in the forms of thrombocytopoenia, DIC, extended partial thromboplastin and prothrombin time, and formation of intravascular thrombi (8, 9) . In presented cases of dogs with endotoxaemia, numerous embolic-thrombotic disturbances were detected, frequently causing death of an animal.
In all bitches with pyometra, ECG examination has disclosed numerous ventricular rhythm disturbances while post-mortem examination documented necrotic lesions in the myocardium. In studies of Scandinavian scientists, bitches with pyometra were found to manifest increased concentrations of troponin I (2, 3, 6) as well as rhythm disturbances (2) . In the studies of Hagman et al. (2) , a relationship between concentration of troponin I and mortality of bitches with pyometra was noted. An increase in troponin I levels may reflect the presence of bacterial endotoxins in blood, which injure cardiomyocytes (6) , and endotoxin level measured in bitches with pyometra is not influenced by antibiotic therapy before ovariohysterectomy (3). In the dog with severe bacterial pneumonia, severe ventricular rhythm disturbances have been disclosed supravitally and necrotic lesions have been noted within myocardium, which was probably caused by infected thrombus of the coronary artery. The embolic-thrombotic lesions develop very rapidly in the course of a septic shock, independently of its aetiology. It was confirmed that at the first phase of the shock, embolic-thrombotic lesions may be reversible (5) . Nevertheless, microthrombi and microemboli in the lungs or heart may lead to severe complications, including death (4). Causes and the mechanism of the phenomenon have not been fully clarified (8) . Endotoxaemia is known to lead to thrombocytopenia, secondary to platelet activation and exacerbation of the endotoxin-induced DIC (8) . Nevertheless, LPS alone are not able to induce platelet activation in vivo, and a certain role in platelet activation is ascribed to platelet activating factor (PAF), von Willebrand's factor, and P-selectin, which is expressed on activated cells of endothelium and on blood platelets (7, 8) . P-selectin may promote development of a prothrombotic condition secondary to various mechanisms, including, among other, mediation of leukocytedependent platelet adhesion to microvessels (P-selectin represents a ligand for glycoprotein-1) and promotion of platelet aggregation (7) . Activation of embolicthrombotic processes is difficult to block as exemplified by the case of the bitch with thrombus in the left cardiac ventricle and with aortal embolus developed despite anti-thrombotic treatment. Therefore, it is important to closer recognise embolic-thrombotic processes in the course of endotoxaemia and their organ sequels. This, however, requires further, broadly planned studies.
